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ABSTRACT 

Bacterial cellulose (BC), a microbial polysaccharide, has chemically equivalent structure to 

plant cellulose with unbranched pellicle structure of only glucose monomers. Due to the unique 

nanostructure, BC has great potential in enzyme immobilization. In this study, the effects of 

different cultivation conditions including rotational speed, initial inoculum concentration and 

medium pH on the film-like cellulosic biomass formation of Gluconacetobacter xylinus JCM 9730 

were examined. The resultant BC films were then studied for its feasibility in the immobilization 

of lipase, a widely used enzyme in biotechnological and industrial processes including food, 

pharmaceutical, chemical and paper industries. Results showed that increasing in rotational 

speed from 0 rpm to 200 rpm converted cellulose-producing cells to non-cellulose-producing 

ones, leading to a significant decline in BC film formation. The increase in initial inoculum size 

from 0.01 g/L to 0.1 g/L reduced sugar concentration and surface area of the medium, and 

therefore inhibiting the formation of film-like cellulosic biomass. In addition, the optimum pH 

range of Acetobacter species from 5.4 – 6.3 was found not optimal for BC film formation. The 

highest amount of film-like cellulosic biomass of 19.01 g/L was obtained under static condition 

(0 rpm) with initial cell concentration of 0.04 g/L and initial pH of 4.0. The BC film samples were 

then acetylated with acetic anhydride/iodine system to convert the hydroxyl groups to less 

hydrophilic acetyl groups and were used for lipase immobilization. Results showed that lipase 

immobilized on acetylated BC still maintained its lipid hydrolytic activity. It can be hence 

concluded that BC films produced by G. xylinus JCM 9730 were potential for lipase 

immobilization. 

Keywords: Gluconacetobacter xylinus; Cellulosic biomass; Acetylation; Lipase; 

Immobilization. 

 

1. INTRODUCTION 

Lipases (triacylglycerol acylhydrolase, 

E.C. 3.1.1.3) are hydrolases acting on 

carboxylic ester bonds, converting long-chain 

triacylglycerols into diacylglycerols, 

monoacylglycerols, glycerol and fatty acids 

[2]. Lipases still remain a subject of intensive 

study due to their broad substrate specificity 

[3], no specific cofactors required in reactions 

[2], high thermo-stability [4], being active in 

the presence of organic solvents [4], and 

ability of catalyzing different types of 

reactions including hydrolysis, esterification, 

intesterification, acidolysis, alcoholysis, 

aminolysis [2]. Lipases are hence the most 

popular catalyst used in industrial productions 

of EPA and DHA from fish oil [5]; in infant 

formula and bread manufacture [6, 7]; in 

detergent and pharmaceutical industries [2] 

and in ethyl acetate, ethyl butyrate, ethyl 

methyl butyrate synthesis [8]. However, most 

commercial lipases are difficult to recycle and 

unstable under operation conditions [9], 

resulting in a high production cost [3]. These 

disadvantages could be solved by using 

immobilized enzymes [10]. Immobilization 

improves recyclability and shelf-life of 

enzymes, enhances enzyme stability and 

activity under different reaction conditions [3, 

4, 9, 10]. 

Doi: https://doi.org/10.54644/jte.67.2021.1083 
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Several research works on lipase 

immobilization have been conducted. Lipases 

were immobilized on different kinds of 

supports including inorganic supports (for 

instance silica, hydroxyapatite, titania) and 

organic supports (natural origin materials 

such as chitosan, chitin, alginate, plant 

cellulose, also the synthetic compounds, 

mainly polymers) [11, 12]. However, some of 

these supports are relatively expensive and 

unavailable such as silica, acrylic resin 

leading to high immobilization cost [11]. 

Although plant cellulose is more abundant and 

inexpensive, it should be unhealthy-

chemically treated to obtain pure product. 

Increasing demand on plant cellulose also 

leads to increased wood consumption, causing 

global environmental issue [13]. 

Beside vascular plants, microorganisms, 

especially the genera of Gluconacetobacter, 

also produce cellulose with considerably 

different properties. Many studies reported that 

bacterial cellulose (BC) does not require extra 

pretreatment to remove impurities and 

contaminants including lignin, pectin and 

hemicellulose in plant cellulose. In addition, 

due to its high degree of crystallinity, high 

water holding capacity, high mechanical 

strength and biocompatibility, BC has been 

used as a support for cell and enzyme 

immobilization [14]. For instance, BC from 

Acetobacter spp. and Komobacter spp., 

negative-gram bacterial groups living in fruits 

and vegetables, had been used as non-toxic and 

potential carrier for different enzymes such as 

laccase, glucoamylase, tyrosinase, lipase, 

peroxidase, glucose oxydase [15-18]. 

Although BC is the potential material for 

enzyme immobilization, it is hydrophilic in 

nature, hence BC cannot easily interact with 

hydrophobic substrates, particularly 

substrates of lipases. The hydrophilic property 

of BC is due to its hydroxyl groups located on 

cellulose surface [1]. Hence, several reagents 

were used to modify BC surface including 

triethylaluminium and triethylboron [19], 

isopropyl dimethylchlorosilane [20], organic 

acid [21], glutaraldehyde [22], anhydride 

acetic [1]. Among those methods, acetylation 

treatment was commonly used due to its 

ability in reducing the hygroscopicity and 

maintaining thermal stability of BC materials 

[1]. In this method, the hydroxyl groups of BC 

were replaced by less hydrophilic acetyl 

groups so that the acetylated BC samples did 

not lose their transparency as well as their 

large surface area and high porosity [23 - 25]. 

It was reported that the features of the 

acetylated BC surfaces not only enhanced 

catalytic activity of immobilized lipases, but 

might also direct lipase molecules towards a 

particular orientation suitable for their active 

configuration and enhance the stability of the 

adsorbed enzyme molecules [26]. Thus, 

acetylated BC (ABC) could be considered as 

a potential support for lipase immobilization.   

Several factors potentially involved in the 

film-like cellulosic biomass formation of 

Gluconacetobacter species including 

rotational speed, initial inoculum 

concentration, pH medium [27 - 29]. Hence 

this study aimed to investigate the ability to 

form BC films of Gluconoacetobacter 

xylinus, a model strain widely used in research 

and commercial production. The effects of 

rotational speed, initial inoculum size, and 

medium pH on the production of BC film 

were examined. After that, the obtained BC 

films were acetylated to test for its lipase 

immobilization capacity.  

2. MATERIALS AND METHODS 

2.1 Enzyme, microorganisms and culture 

conditions 

Commercial lipase was obtained from 

Novaco Pharmaceutical Co.Ltd. (Hanoi, 

Vietnam). 

Gluconoacetobacter xylinus (JCM 9730) 

was provided by Department of 

Biotechnology, Bach Khoa University 

(HCMC, Vietnam) [30]. G. xylinus was 

maintained on M1 agar plates at 4 oC. M1 

medium was prepared using coconut water 

with the chemical composition was as follow:  

1.0 % (w/v) sucrose, 0.1 % (w/v) yeast extract, 

0.05 % (w/v) KH2PO4, 0.05 % (w/v) K2HPO4, 

0.8 % (w/v) (NH4)2SO4; 0.2 % (w/v) 

(NH4)2HPO4; 0.1 % (w/v) MgSO4 [31]. The 
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pH of medium was adjusted to pH 5.0 with 

concentrated acetic acid. The preculture was 

prepared by transferring bacterial colonies 

from agar plate to 250 mL Erlenmeyer flask 

containing 100 mL of M1 medium. The 

preculture was agitated at 200 rpm with a 

magnetic stirrer (MS-H0810, DLab, USA) at 

room temperature for 72 hours.  

For cellulosic biomass production, cell 

stock from preculture was harvested and 

inoculated to 100 mL of M2 medium. M2 was 

prepared using coconut water with the 

chemical composition was as follow: 1.0 % 

(w/v) sucrose, 0.1 % (w/v) yeast extract, 0.8 

% (w/v) (NH4)2SO4, 0.8 % (w/v) (NH4)2SO4, 

0.5 % (v/v) concentrated acetic acid [31]. The 

pH of medium was adjusted to pH 5.0 using 

acetic acid. All the chemicals used in this 

research were of analytical grade. All media 

for bacteria, and apparatus such as pipette tips, 

Erlenmeyer flasks fitted with cotton plugs, 

magnetic bars were autoclaved at 121 oC for 

15 min before use. 

2.2 Effects of rotational speed on film-like 

cellulosic biomass production 

The G. xylinus cells were inoculated at a 

concentration of 0.04 g/L in a 250-mL 

Erlenmeyer flask containing 100 mL of M2 

medium (medium pH was 5.0). The cell 

culture was then incubated at 30 oC for 7 days 

using an incubated shaker (IST-3075R, 

JeioTech, Korea). The effects of rotational 

speed on the film-like BC formation were 

investigated at 0 rpm (static condition), 100 

rpm, 150 rpm and 200 rpm. Film-like or gel-

like cellulosic biomass were daily collected to 

determine cellulosic biomass concentration. 

Suspended cell culture samples were also 

daily collected to measure the suspended 

biomass concentration, and remaining total 

sugar concentration. Each experiment was 

performed in triplicates. 

2.3 Effects of initial inoculum size on film-

like cellulosic biomass production 

G. xylinus cells were added to a 250-mL 

Erlenmeyer flask containing 100 mL of M2 

medium (pH 5.0). The effects of initial 

inoculum size on the BC formation was 

investigated at 0.01 g/L, 0.04 g/L, 0.07 g/L and 

0.1 g/L. The cell cultures were incubated at 30 
oC under static condition (0 rpm) for 7 days in 

an incubated shaker. Film-like cellulosic 

biomass and suspended bacterial culture were 

periodically collected to determine cellulosic 

and suspended biomass concentrations, and 

total sugar concentration. Each experiment was 

performed in triplicates. 

2.4 Effects of medium pH on cellulosic 

biomass production 

The experimental design was similar to 

that of initial inoculum size experiment. The 

G. xylinus cells were inoculated at a 

concentration of 0.04 g/L in a 250-mL 

Erlenmeyer flask containing 100 mL of M2 

medium with medium pH ranging from 4.0 – 

6.0. The cell cultures were incubated at 30 oC 

under static condition (0 rpm) for 7 days. 

2.5 Acetylation of BC 

Film-like cellulosic biomass floating on 

the surface of liquid medium with thickness of 

1.80 ± 0.08 mm (Figure 1) was collected and 

cut into round shape with a diameter of 1.7 

cm. These sheets were washed with distilled 

water twice and treated with 0.25 M NaOH at 

80 oC for 1 hour to lyse the cells. BC pieces 

were washed again with distilled water two 

times and then dried at 80 oC for 2 hours [1]. 

 

Figure 1. Film-like cellulosic biomass 

floating on the medium surface after 7 days 

of cultivation at static condition. 

400 mg of the dried BC was added to a 

100 mL erlen containing a mixture of 20 mL 
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acetic anhydride and 0.125 mM iodine. The 

mixture was heated to 80 oC for 1 h, and then 

was cooled to room temperature. 50% 

Na2S2O3 was added to the flask until the color 

of mixture changed from dark brown to 

colorless, meaning that iodine was converted 

to iodide [1]. After acetylation, acetylated BC 

(ABC) samples were washed with 75% 

ethanol and distilled water for 5 times to 

remove any remaining by-products and 

unreacted chemicals. ABC samples were then 

dried at 60 oC for 12 h [1]. Dried ABC films 

were used for lipase immobilization. 

2.6 Immobilization of lipase onto ABC 

Lipase solution (8 mg/mL) was prepared 

by adding lipase powder to sodium phosphate 

buffer (0.05 M, pH 7.0). 5 mg sample of dried 

ABC films was submerged into 3 mL of lipase 

solution and gently shaken at 100 rpm at 25 oC 

for 2 h in incubated shaker. Immobilized-

lipase ABC films was washed three times in 

sodium phosphate buffer (0.05 M, pH 7.0). 

The reaction solution and washing buffers 

were collected after immobilization for 

determination of residual protein 

concentration [32, 33].  

2.7 Analytical methods 

In this study, total G. xylinus biomass 

concentration was calculated as a summation 

of suspended cell biomass (D1) and cellulosic 

biomass in the form of film-like or gel-like 

biomass (D2) (Figure 2). Suspended G. 

xylinus cell growth was monitored by optical 

density (OD) measurement at 600 nm using an 

ultraviolet–visible spectrophotometer 

(UH5300, Hitachi, Japan). The OD600 was 

used to compute the suspended bacterial 

biomass concentration by the formula:   

Dry cell weight, D1 (g/L) = 0.3592 x OD600 

(R2= 0.9952)                                           (1) 

Cellulosic biomass concentration (D2, 

g/L) was measured by removing the cellulosic 

materials from the liquid culture and drying at 

80 oC (UF260, Memmert, Germany) until 

constant weight.  

Total sugar concentration was measured 

using phenol-sulfuric method [34]. pH value 

was measured using pH meter (HI991003, 

Hanna, Romani). 

The yield ratio, YBC/S (g/g) of cellulosic 

biomass to total sugar consumption was 

calculated using equation (2) [35]: 

YBC S⁄  ( g g⁄ ) = 
D2 

total sugar consumption
   (2) 

Lipase activity was assayed by olive oil 

emulsion method [33, 36]. One unit of lipase 

activity (U) was defined as the amount of 

enzyme that produces 1 μmole of free fatty 

acid per min under the assay conditions [33]. 

The immobilization yield and activity yield 

were calculated as followings [11]:  

The immobilization yield (%) =
A-B

A
×100  (3) 

Activity yield (%) =
C

A
×100                          (4) 

with A (U) is the total enzyme activity used 

for immobilization; B (U) is the unbound 

enzyme activity; A-B (U) is the theoretical 

immobilized enzyme activity; and C (U) is the 

obtained immobilized enzyme activity. 

The protein concentration in the solution 

was determined by the method of Lowry et al. 

(1951) using egg albumin as standard [37, 38]. 

The loading percentage of protein was 

calculated as following [11]:  

Proteins loading (%) =   

(
Amount of adsorbed proteins

Initial amount of proteins
) x 100         (5) 

The chemical structures of BC, ABC, and 

immobilized-lipase ABC were characterized 

using Fourier-transform infrared spectroscopy 

(FTIR) (FT/IR-4700, Jasco, Japan) using the 

attenuated total reflectance attachment (ATR) 

to investigate the chemical characteristics of 

BC before and after the acetylation and 

immobilization. The wavelength region was 

from 4000 to 400 cm-1 with the resolution of 1 

cm-1. The FTIR spectra results was showed by 

Origin software. 
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All data shown were the means of 

triplicate measurements. All statistical 

analyses were carried out using Excel 

software. All data were expressed as means ± 

standard deviations. 

3. RESULTS AND DISCUSSION 

3.1 Effects of rotational speed on film-like 

cellulosic biomass production 

 

Figure 2. Cellulosic biomass in (a) static 

culture and (b) shaking culture 

It is well-known that cellulosic biomass 

formation was affected by types of cultivation 

(static or shaking cultures), initial inoculum, 

composition of medium and medium pH [39, 

40]. Few studies reported that, under shaking 

condition from 100, 150 and 200 rpm, G. 

xilinus can form gel-like or spherical-like 

cellulosic biomass, whereas under static 

condition, it can form film-like biomass [40-

42]. Spherical-like or film-like BC was more 

suitable for enzyme immobilization because it 

is easier for removal, cleaning and reusing 

immobilized-enzyme BC particles [25, 43] 

Hence, effects of rotational speed on G. xylinus 

JCM 9730 growth were conducted to 

understand its roles on the formation of 

different types of cellulosic biomass.  Results 

showed that, under static condition, major 

fraction of G. xylinus biomass was in the form 

of film-like cellulosic biomass floating on the 

liquid surface (14.79 g/L) (Figure 1, Figure 2a 

and Figure 3a), whereas the rest was in 

suspension (0.06 g/L). On the contrary, at 

rotational speeds of 100 rpm and 200 rpm, 

cellulosic biomass did form, but in the fibrous 

form of non-uniform shapes, or so called gel-

like BC (Figure 2b). The amount of cellulosic 

biomass under shaking condition was also 

lower as compared to that of static condition 

(3.27 g/L - 100 rpm, 1.56 g/L - 150 rpm, and 

1.02 g/L – 200 rpm versus 14.79 g/L). It can be 

easily seen that, the amount of cellulosic 

biomass, so-called bacterial cellulose films, 

obtained under static condition was 4.5 – 14.5 

times higher than those of shaking conditions. 

The obtained results were in contrast with 

previous study [41]. Mohite et al. (2013) have 

reported that agitated cultures increased air-

liquid surface area, and hence increased 

cellulose production [41]. However, excessive 

oxygen supply during agitation could result in 

a decrease in BC productivity due to loss of 

substrate by direct oxidation [44, 45]. In 

addition, shear stress in the shaking culture 

could convert cellulose-producing cells to non-

cellulose-producing mutants [45, 46].  

Figure 3c shows that the total sugar 

biodegradation rate in static culture was much 

faster than those in shaking cultures (3.89 g/L-

day versus 2.92 g/L-day, 3.36 g/L-day and 

2.47 g/L-day). In addition, after 7 days, the 

YBC/S in static culture was 3.3 – 9.0 times 

higher than those in shaking cultures (0.54 

versus 0.16, 0.07 and 0.06). This could be 

attributed to the highest total biomass 

concentration of cells under static condition 

(14.85 g/L). 

To sum up, static condition was suitable 

for the formation of bacterial cellulosic films 

of G. xylinus. In addition, the high BC film 

production yield and thin-film structure made 

the cellulosic films more suitable for the 

immobilization of lipases.  This static 

condition was hence used in subsequent 

experiments to produce BC films. 

a

) 

b

) 
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Figure 3. Effects of rotational speed on (a) 

suspended cells biomass concentration D1, 

(b) cellulosic biomass concentration D2, (c) 

total sugar concentration. 

3.2 Effects of initial inoculum size on BC 

film production. 

Initial cell concentration is one of 

important factors affecting cellulosic biomass 

formation. According to Hu et al. (2013), a 

high cell concentration and adequate food 

supply might enhance cellulosic biomass 

production rate due to a fast aggregation of 

cellulose fibers on the culture surface [40].  

Results showed that at highest initial cell 

concentration (0.1 g/L), most of the cells were 

in suspension (Figure 4a), and no cellulosic 

biomass were formed (Figure 4b). The 

concentration of suspended cells significantly 

increased at day 3 of cultivation (0.72 g/L), 

more 1.3 – 24.8 times higher than those at other 

initial inocula. However, G. xylinus  cells in 

this culture (0.1 g/L of inoculum size) did not 

completely consume the total sugar content in 

medium (Figure 4c), proving that the dissolved 

oxygen in the medium had been exhausted due 

to high initial cell concentration. Hence, it can 

be concluded that G. xylinus can not ultilize 

sugar under anaerobic condition to produce 

BC.  

Results in Figure 4 also show that at 

lowest initial cell concentration of 0.01 g/L, 

the suspended cell and cellulosic biomass 

concentrations were very low. Hence, at low 

initial cell concentration, the high initial 

concentration of sugars in the medium could 

have inhibited the cell growth. 

 

Figure 4. Effects of initial inoculum size on 

(a) suspended cells biomass concentration 

D1, (b) cellulosic biomass concentration D2, 

(c) total sugar concentration.  

a) 

b) 

c) 

a) 

b) 

c) 
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On the other hand, at 0.04 g/L and 0.07 

g/L initial inoculum sizes, film-like cellulosic 

biomass were synthesized with final 

concentrations of 14.79 g/L and 3.91 g/L, 

respectively. Results of the total sugar 

consumption showed that slower sugar 

consumption rate at 0.07 g/L of initial 

inoculum size (2.72 g/L-day) could also be 

due to the exhaustion of dissolved oxygen in 

the culture. Therefore, the increasing of initial 

biomass concentration from 0.04 g/L to 0.1 

g/L did not enhance cellulosic biomass 

production. At higher initial biomass 

concentrations (0.07 g/L and 0.1 g/L), 

bacterial cells would compete for the sugars in 

the culture, which may lower cellulosic 

biomass productivity. 

To sum up, 0.04 g/L initial inoculum size 

sample showed highest sugar consumption 

rate and highest cellulosic biomass 

production. Initial biomass concentration of 

0.04 g/L was hence profitable for the 

formation of film-like bacterial cellulosic 

biomass, and hence was used in the next 

experiment.  

3.3 Effects of medium pH on cellulosic 

biomass production. 

Medium pH plays an important role on 

the structure and permeability of the cell 

membrane [47]. Many studies reported 

various optimum pH ranges for BC 

production of Gluconacetobacter species, 

such as 4.5 – 5.5 [47]; 4.0 – 5.0 [48]; 4.0 – 6.0 

[41, 46, 49]; 4.0 – 7.0 [50]; 4.0 – 4.5 [51]. In 

addition, it has been reported that G.xylinus 

did not produced cellulosic biomass at pH 3.5 

because of complete inhibition by the low pH 

[28, 47]. Hence, in this study, effects of initial 

medium pH on film-like biomass production 

were investigated at pH values of 4.0, 5.0, and 

6.0. Results on Figure 5b show that, the 

amount of cellulosic biomass at pH 4.0 after 7 

days of cultivation was 19.01 g/L, 1.3 – 2.0 

times greater than those of pH 5.0 sample 

(14.79 g/L) and pH 6.0 sample (9.52 g/L). It 

is clear that beside acting as an energy source 

and cellulose precursor, glucose (from 

coconut water) was also actively converted by 

membrane-bound Gluconoacetobacter 

dehydrogenases to (keto)gluconic acids [28, 

52]. That conversion decreased pH of 

medium, adversely affecting bacterial growth 

rate and cellulose synthesis [27, 28, 52, 53]. It 

should be noted that M2 medium was added 

with glacial acetic acid to adjust the pH. Not 

only acting as a pH monitorer, acetic acid was 

also a substrate for Acetobacter spp., which 

was ultimately oxidized to CO2 and water. 

That oxidation process generated acetic acid-

derived ATP, saving part of the D-glucose in 

medium for being incorporated into cellulose 

[39, 52]. The catabolism of acetic acid 

simultaneously leads to an increase in medium 

pH, which could counteract the pH decrease 

caused by (keto)gluconic acids formation 

(pKa of acid acetic is 4.75) [52].  

 

Figure 5. Effects of medium pH on (a) 

suspended cells biomass concentration D1, 

(b) cellulosic biomass concentration D2, (c) 

total sugar concentration.  

a) 

b) 

c) 
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It was also reported that the optimum pH 

for Acetobacter spp. growth was between 5.4 - 

6.3 [53], this might not be the same optimum 

pH range for cellulose synthesis [47]. Results 

in Figure 5a showed that suspended biomass 

concentration of G. xylinus after 5 days in pH 

6.0 was more 1.2 – 2.2 times higher than the 

others (0.13 g/L versus 0.11 g/L and 0.06 g/L). 

In contrast, the YBC/S was gradually enhanced 

when decreasing initial medium pH. 

Specifically, at day 7, the yield of cellulosic 

biomass production to the total sugar 

consumption in initial pH 4.0 condition was 2.1 

– 2.2 times higher than that in initial pH 5.0 and 

6.0 conditions (1.11 g/g versus 0.54 g/g and 

0.50 g/g).  

Results of this experiment confirm at 

initial medium pH value of 4.0, cellulosic 

biomass were synthesized with film-like form 

at highest concentration, profitable for 

enzyme immobilization.  

3.4 Acetylation of BC film 

Results in current work showed that 

under static cultivation condition at 30 oC with 

0.04 g/L of initial inoculum size and pH 4, 

highest film-like cellulosic biomass was 

obtained.  The BC biomass was then collected 

for acetylation treatment. The optimum 

conditions for BC acetylation in previous 

study was used to examine the efficiency of 

this treatment method (see Part 2.5). The 

acetylated BC samples were then used to 

immobilize lipases. The acetylation 

mechanism is shown in Figure 6. Firstly, in 

the presence of alcohol groups, iodine 

activates the carbon of carbonyl groups of 

acetic anhydride. After that, the oxygen of R-

OH attacks the carbon of carbonyl groups of 

acetic anhydride to form sp3 hybridization. 

The acetylated reaction starts when the acyl 

carbon center of acetic anhydride is 

nucleophilic attacked by lone pair of the 

hydroxyl group to from free iodine. Then, a 

saturated sodium thiosulfate solution is added 

to remove all the free iodine [1]. FT-IR 

analysis of BC films was performed to detect 

the chemical groups present in their chemical 

structure. The infrared spectra of BC, ACB 

and immobilized-lipase ABC films are shown 

in Figure 6. 

 

Figure 6. The mechanism of BC-acetylated 

reaction using iodine as the catalyst [1]. 

 

Figure 7. Infrared spectra of (a) untreated 

BC, and ABC, (b) BC and ABC with 

immobilized lipases. 

As can be seen in Figure 7, BC films 

present characteristic absorption bands of 

cellulose in FTIR  such as 3700 – 3000 cm-1 

(O-H), 2980 – 2800 cm-1 (C-H), 1640 cm-1 

(H2O molecules), 1500 – 800 cm-1 (C-H, O-H, 

C-O and C-O-C) [56-59]. The characteristic 

of acetyl groups were identified in FTIR 

spectra of ABC fibers such as 1755 - 1720 cm-

1 (C=O), 1372 - 1369 cm-1 (C-H), 1240 - 1229 

a) 

b) 
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cm-1 (C-O) [1, 24, 56, 57, 60-62]. Moreover, 

infrared spectra of ABC sample also show the 

decreased absorption intensity of the band 

located at around 3700 – 3000 cm-1 as 

compared with BC sample. It can be 

concluded that the hydroxyl groups of BC 

were substituted by acetyl groups in ABC [1, 

24, 57]. Besides, the absorption bands at 1840 

– 1760 cm-1 and 1700 cm-1 were not found, 

indicated that ABC samples was also free of 

acetic anhydride and acetic acid [1, 56, 63, 

64].  

Results of Figure 7b also shows that the 

absorption bands at 1530 cm-1 and 1650 cm-1 

were also detected on the infrared spectrum of 

ABC immobilized with lipases, probably due 

to the presence of amide I and amide II bands 

[56]. This result confirmed the presence of 

protein molecules (lipases), on the surface of 

ABC supports. To confirm the presence of 

immobilized enzyme, lipid hydrolytic activity 

of immobilized-lipase ABC was investigated. 

3.5 Lipid hydrolytic activity of lipase 

immobilized on ABC. 

The hydrolytic activity of lipases 

immobilized on ABC and BC is presented in 

Table 1. Results show that lipases 

immobilized onto BC support did not show 

any catalytic activity. In contrast, the 

immobilization yield, activity yield, protein 

loadings of lipase immobilized onto ABC 

were significantly higher those of untreated 

BC. These results further confirmed that 

lipase molecules were immobilized on ABC 

support and still preserved their catalytic 

activity as compared to lipases immobilized 

on untreated BC. The results also indicated 

that ABC could be more easily interact with 

hydrophobic substrates lipases, leading to 

significant enhancement in lipid hydrolytic 

activity. 

Table 1. Immobilization yield of lipase-

immobilized on BC and ABC 

Support BC ABC 

Immobilization 

yield (%) 
0.49 ± 0.07  6.97 ± 0.14 

Protein loading 

(%) 
0.45 ± 0.56 5.43 ± 0.98 

Activity yield 

(%) 
0.38 ± 0.66 2.32 ± 1.15 

Specific 

activity 

(U/mg protein) 

0.00 ± 0.00  0.76 ± 0.44 

4. CONCLUSION 

The formation of film-like cellulosic 

biomass by was investigated under the 

influences of rotational speed, initial 

inoculum size and pH medium. The highest 

amount of film-like cellulosic biomass of 

19.01 g/L was obtained under static condition 

(0 rpm) with initial cell concentration of 0.04 

g/L and initial pH of 4.0. This cultivation 

condition allowed the formation of cellulosic 

films which were more suitable for the 

immobilization of lipases. The BC films were 

acetylated by acetic anhydride with iodine as 

a catalyst to immobilize lipase. Lipase 

immobilized on ABC showed significantly 

higher catalytic activity in lipid hydrolysis as 

compared to lipase immobilized on BC. 

Therefore, acetylated BC is the potential 

support for the immobilization of lipases.  

 

REFERENCES 

[1] W. Hu, S. Chen, Q. Xu, and H. Wang. Solvent-free acetylation of bacterial cellulose under 

moderate conditions. Carbohydrate Polymers, 83 (4), pp.1575-1581, 2011. 

[2] A. Houde, A. Kademi, and D. Leblanc. Lipases and their industrial applications. Applied 

biochemistry and biotechnology, 118 (1-3), pp.155-170, 2004. 

[3] Q. Cai et al. Enhanced activity and stability of industrial lipases immobilized onto 

spherelike bacterial cellulose. International journal of biological macromolecules, 109 

pp.1174-1181, 2018. 



10 
Journal of Technical Education Science No.67 (12/2021)  

Ho Chi Minh City University of Technology and Education 

 
[4] R. Sharma, Y. Chisti, and U. C. J. B. a. Banerjee. Production, purification, characterization, 

and applications of lipases. Biotechnology advances, 19 (8), pp.627-662, 2001. 

[5] Y. Kojima, E. Sakuradani, and S. Shimizu. Different specificity of two types of 

Pseudomonas lipases for C20 fatty acids with a Δ5 unsaturated double bond and their 

application for selective concentration of fatty acids. Journal of bioscience and 

bioengineering, 101 (6), pp.496-500, 2006. 

[6] L. Mandrich et al. Alicyclobacillus acidocaldarius thermophilic esterase EST2's activity 

in milk and cheese models. Applied and environmental microbiology, 72 (5), pp.3191-

3197, 2006. 

[7] M. Sánchez, N. Prim, F. Rández-Gil, F. Pastor, and P. J. B. Diaz. Engineering of baker's 

yeasts, E. coli and Bacillus hosts for the production of Bacillus subtilis Lipase A. 

Biotechnology and bioengineering, 78 (3), pp.339-345, 2002. 

[8] V. Dandavate, J. Jinjala, H. Keharia, and D. Madamwar. Production, partial purification 

and characterization of organic solvent tolerant lipase from Burkholderia multivorans V2 

and its application for ester synthesis. Bioresource technology, 100 (13), pp.3374-3381, 

2009. 

[9] A. K. Singh and M. Mukhopadhyay. Immobilization of Candida antarctica lipase onto 

cellulose acetate-coated Fe2O3 nanoparticles for glycerolysis of olive oil. Korean Journal 

of Chemical Engineering, 31 (7), pp.1225-1232, 2014. 

[10] R. Sangeetha, I. Arulpandi, and A. Geetha. Bacterial lipases as potential industrial 

biocatalysts: An overview. Research journal of microbiology, 6 (1), pp.1-24, 2011. 

[11] I. B.-B. Romdhane, Z. B. Romdhane, A. Gargouri, and H. Belghith. Esterification activity 

and stability of Talaromyces thermophilus lipase immobilized onto chitosan. Journal of 

Molecular Catalysis B: Enzymatic, 68 (3-4), pp.230-239, 2011. 

[12] T. Jesionowski, J. Zdarta, and B. Krajewska. Enzyme immobilization by adsorption: A 

review. Adsorption, 20 (5-6), pp.801-821, 2014. 

[13] F. Esa, S. M. Tasirin, and N. A. Rahman. Overview of bacterial cellulose production and 

application. Agriculture and Agricultural Science Procedia, 2 (1), pp.113-119, 2014. 

[14] S.-P. Lin, I. L. Calvar, J. M. Catchmark, J.-R. Liu, A. Demirci, and K.-C. Cheng. 

Biosynthesis, production and applications of bacterial cellulose. Cellulose, 20 (5), 

pp.2191-2219, 2013. 

[15] M. L. Cacicedo et al. Progress in bacterial cellulose matrices for biotechnological 

applications. Bioresource technology, 213 pp.172-180, 2016. 

[16] J. F. Osma, J. L. Toca-Herrera, and S. Rodríguez-Couto. Uses of laccases in the food 

industry. Enzyme research, 2010 2010. 

[17] H. Ullah, H. A. Santos, and T. Khan. Applications of bacterial cellulose in food, cosmetics 

and drug delivery. Cellulose, 23 (4), pp.2291-2314, 2016. 

[18] S. Datta, L. R. Christena, and Y. R. S. Rajaram. Enzyme immobilization: an overview on 

techniques and support materials. 3 Biotech, 3 (1), pp.1-9, 2013. 

[19] P. Fabbri, G. Champon, M. Castellano, M. N. Belgacem, and A. Gandini. Reactions of 

cellulose and wood superficial hydroxy groups with organometallic compounds. Polymer 

international, 53 (1), pp.7-11, 2004. 

[20] E.-H. Belarbi, E. Molina, and Y. Chisti. A process for high yield and scaleable recovery 

of high purity eicosapentaenoic acid esters from microalgae and fish oil. Enzyme and 

Microbial Technology, 26 pp.516-529, 2000. 

[21] J. Hafrén, W. Zou, and A. Córdova. Heterogeneous ‘organoclick’derivatization of 

polysaccharides. Macromolecular rapid communications, 27 (16), pp.1362-1366, 2006. 

[22] Q. Cai et al. Enhanced activity and stability of industrial lipases immobilized onto 

spherelike bacterial cellulose. 109 pp.1174-1181, 2018. 



Journal of Technical Education Science No.67 (12/2021)  

Ho Chi Minh City University of Technology and Education  
11 

 

[23] M. Nogi, K. Abe, K. Handa, F. Nakatsubo, S. Ifuku, and H. Yano. Property enhancement 

of optically transparent bionanofiber composites by acetylation. Applied physics letters, 

89 (23), pp.233123, 2006. 

[24] S. Ifuku, M. Nogi, K. Abe, K. Handa, F. Nakatsubo, and H. Yano. Surface modification of 

bacterial cellulose nanofibers for property enhancement of optically transparent composites: 

dependence on acetyl-group DS. Biomacromolecules, 8 (6), pp.1973-1978, 2007. 

[25] L. Chen, M. Zou, and F. F. Hong. Evaluation of fungal laccase immobilized on natural 

nanostructured bacterial cellulose. Frontiers in microbiology, 6 pp.1245, 2015. 

[26] R. M. Blanco, P. Terreros, M. Fernández-Pérez, C. Otero, and G. Dı́az-González. 

Functionalization of mesoporous silica for lipase immobilization: Characterization of the 

support and the catalysts. Journal of Molecular Catalysis B: Enzymatic, 30 (2), pp.83-93, 

2004. 

 [27] E. P. Çoban and H. Biyik. Evaluation of different pH and temperatures for bacterial 

cellulose production in HS (Hestrin-Scharmm) medium and beet molasses medium. Afr. 

J. Microbiol. Res, 5 (9), pp.1037-1045, 2011. 

[28] C.-H. Kuo, J.-H. Chen, B.-K. Liou, and C.-K. Lee. Utilization of acetate buffer to improve 

bacterial cellulose production by Gluconacetobacter xylinus. Food Hydrocolloids, 53 

pp.98-103, 2016. 

[29] Z. Shi, Y. Zhang, G. O. Phillips, and G. Yang. Utilization of bacterial cellulose in food. 

Food hydrocolloids, 35 pp.539-545, 2014. 

[30] H. T. Nguyễn and H. T. Phạm. Chọn lọc dòng Acetobacter xylinum thích hợp cho các loại 

môi trường dùng trong sản xuất cellulose vi khuẩn với quy mô lớn. Tạp chí Di truyền học 

và ứng dụng, (3), pp.49, 2003. 

[31] H. T. Nguyễn. Ảnh hưởng của nguồn cơ chất và kiểu lên men đến năng suất và chất lượng 

cellulose vi khuẩn. Tạp chí Khoa học ĐHQGHN, Khoa học Tự nhiên và Công nghệ 24 

pp.205-210, 2008. 

[32] X.-J. Huang, P.-C. Chen, F. Huang, Y. Ou, M.-R. Chen, and Z.-K. Xu. Immobilization of 

Candida rugosa lipase on electrospun cellulose nanofiber membrane. Journal of 

Molecular Catalysis B: Enzymatic, 70 (3-4), pp.95-100, 2011. 

[33] C. M. Soares, H. F. De Castro, F. F. De Moraes, and G. M. Zanin. Characterization and 

utilization of Candida rugosa lipase immobilized on controlled pore silica. Humana 

Press,1999, 

[34] S. S. Nielsen.Phenol-sulfuric acid method for total carbohydrates.In Food analysis 

laboratory manualBoston, MA: Springer, 2010, pp. 47-53. 

[35] Y. Hu and J. M. Catchmark. Formation and characterization of spherelike bacterial 

cellulose particles produced by Acetobacter xylinum JCM 9730 strain. 

Biomacromolecules, 11 (7), pp.1727-1734, 2010. 

[36] A. Mustranta, P. Forssell, and K. Poutanen. Applications of immobilized lipases to 

transesterification and esterification reactions in nonaqueous systems. Enzyme and 

microbial technology, 15 (2), pp.133-139, 1993. 

[37] O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall. Protein measurement with 

the Folin phenol reagent. Journal of biological chemistry, 193 pp.265-275, 1951. 

[38] J. H. Waterborg.The Lowry method for protein quantitation.In The protein protocols 

handbookTotowa, NJ: Humana Press,, 2009, pp. 7-10. 

[39] A. Jagannath, A. Kalaiselvan, S. Manjunatha, P. Raju, and A. Bawa. The effect of pH, 

sucrose and ammonium sulphate concentrations on the production of bacterial cellulose 

(Nata-de-coco) by Acetobacter xylinum. World Journal of Microbiology and 

Biotechnology, 24 (11), pp.2593-2599, 2008. 



12 
Journal of Technical Education Science No.67 (12/2021)  

Ho Chi Minh City University of Technology and Education 

 
[40] Y. Hu, J. M. Catchmark, and E. A. Vogler. Factors impacting the formation of sphere-

like bacterial cellulose particles and their biocompatibility for human osteoblast growth. 

Biomacromolecules, 14 (10), pp.3444-3452, 2013. 

[41] B. V. Mohite, B. K. Salunke, and S. V. Patil. Enhanced production of bacterial cellulose 

by using Gluconacetobacter hansenii NCIM 2529 strain under shaking conditions. 

Applied biochemistry and biotechnology, 169 (5), pp.1497-1511, 2013. 

[42] P. Singhsa, R. Narain, and H. Manuspiya. Physical structure variations of bacterial 

cellulose produced by different Komagataeibacter xylinus strains and carbon sources in 

static and agitated conditions. Cellulose, 25 (3), pp.1571-1581, 2018.  

[43] S.-C. Wu and Y.-K. Lia. Application of bacterial cellulose pellets in enzyme immobilization. 

Journal of Molecular Catalysis B: Enzymatic, 54 (3-4), pp.103-108, 2008. 

[44] S. Yakamata.Cellulose utilization: research and rewards in cellulose, H. Inagaki and G. 

O. Phillips, Eds. London: Elsevier, 1988, pp. 175-181. 

[45] J. H. Ha et al. Production of bacterial cellulose by a static cultivation using the waste from 

beer culture broth. Korean Journal of Chemical Engineering, 25 (4), pp.812-815, 2008. 

[46] J. Wang, J. Tavakoli, and Y. Tang. Bacterial cellulose production, properties and 

applications with different culture methods–A review. Carbohydrate Polymers, 219 

pp.63-76, 2019. 

[47] M. E. Embuscado, J. S. Marks, and J. N. BeMiller. Bacterial cellulose. I. Factors affecting 

the production of cellulose by Acetobacter xylinum. Food Hydrocolloids, 8 (5), pp.407-

418, 1994. 

[48] P. G. Verschuren, T. D. Cardona, M. R. Nout, K. D. De Gooijer, and J. C. Van den 

Heuvel. Location and limitation of cellulose production by Acetobacter xylinum 

established from oxygen profiles. Food hydrocolloids, 89 (5), pp.414-419, 2000. 

[49] J. Fontana et al. Acetobacter cellulose pellicle as a temporary skin substitute. Applied 

biochemistry and biotechnology, 24 (1), pp.253-264, 1990. 

[50] E. Galas, A. Krystynowicz, L. Tarabasz‐Szymanska, T. Pankiewicz, and M. Rzyska. 

Optimization of the production of bacterial cellulose using multivariable linear regression 

analysis. Acta biotechnologica, 19 (3), pp.251-260, 1999. 

[51] R. Jonas and L. F. Farah. Production and application of microbial cellulose. Polymer 

degradation and stability, 59 (1-3), pp.101-106, 1998. 

[52] E. Vandamme, S. De Baets, A. Vanbaelen, K. Joris, and P. De Wulf. Improved production 

of bacterial cellulose and its application potential. Polymer degradation and stability, 59 

(1-3), pp.93-99, 1998. 

[53] D. Klemm, D. Schumann, U. Udhardt, and S. Marsch. Bacterial synthesized cellulose—

artificial blood vessels for microsurgery. Progress in polymer science,, 26 (9), pp.1561-

1603, 2001. 

[54] N. R. Krieg and H. Manual. Systematic bacteriology. Williams Baltimore., 1984. 

[55] J. Wu, J. Zhang, H. Zhang, J. He, Q. Ren, and M. Guo. Homogeneous acetylation of 

cellulose in a new ionic liquid. Biomacromolecules, 5 (2), pp.266-268, 2004. 

[56] M. Božič, V. Vivod, S. Kavčič, M. Leitgeb, and V. Kokol. New findings about the lipase 

acetylation of nanofibrillated cellulose using acetic anhydride as acyl donor. 

Carbohydrate polymers, 125 pp.340-351, 2015. 

[57] H. S. Barud et al. Thermal behavior of cellulose acetate produced from homogeneous 

acetylation of bacterial cellulose. Thermochimica acta, 471 (1-2), pp.61-69, 2008. 

[58] X. Li et al. In situ synthesis of CdS nanoparticles on bacterial cellulose nanofibers. 

Carbohydrate Polymers, 76 (4), pp.509-512, 2009. 

[59] J. Li et al. Microwave-assisted solvent-free acetylation of cellulose with acetic anhydride in 

the presence of iodine as a catalyst. Molecules, 14 (9), pp.3551-3566, 2009. 



Journal of Technical Education Science No.67 (12/2021)  

Ho Chi Minh City University of Technology and Education  
13 

 

[60] N. S. Cetin et al. Acetylation of cellulose nanowhiskers with vinyl acetate under moderate 

conditions. Macromolecular bioscience, 9 (10), pp.997-1003, 2009. 

[61] S. Gremos. Supercritical carbon dioxide biocatalysis as a novel and green methodology 

for the enzymatic acylation of fibrous cellulose in one step. Bioresource technology, 115 

pp.96-101, 2012. 

[62] D.-Y. Kim, Y. Nishiyama, and S. Kuga. Surface acetylation of bacterial cellulose. 

Cellulose, 9 (3-4), pp.361-367, 2002. 

[63] M. O. Adebajo and R. L. Frost. Infrared and 13C MAS nuclear magnetic resonance 

spectroscopic study of acetylation of cotton. Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy, 60 (1-2), pp.449-453, 2004. 

[64] M. Jonoobi, J. Harun, A. P. Mathew, M. Z. B. Hussein, and K. Oksman. Preparation of 

cellulose nanofibers with hydrophobic surface characteristics. Cellulose, 17 (2), pp.299-

307, 2010. 

 

Corresponding author: 

Dr. Vu Tran Khanh Linh 

Ho Chi Minh City University of Technology and Education 

E-mail: linhvtk@hcmute.edu.vn 

 

 


